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ABSTRACT 

Several studies have indicated that children have 
difficulty differentiating mirror-image stimuli. In the present study 
adults were required to classify pairs of horseshoe stimuli as same 
or different. Response times were compared for stimulus pairs that 
varied in orientation (left-right vs up-down) and spatial plane of 
the pair (horizontal vs. vertical) . Stimulus pairs in which the 
orientation matched the spatial plane of the pair (i.e., horizontal 
and left- right or vertical and up-down) took longer to classify than 
stimulus pairs in which these two variables were crossed. These 
results are interpreted as reflecting the necessity of synthesizing 
two sources of information in order to compare the former pair 
types — temporally encoded visual information and directional 
information from the motor scanning process. Implication for the 
source of children* s difficulty with mirror-image stimuli of this 
type are discussed. (Author) 
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Statement of Focus 



The Wisconsin Research and Development Center for Cognitive Learning 
focuses on contributing to a better understanding of cognitive learning by chil- 
dren and youth and to the improvement of related educational practices . The 
strategy for research and development is comprehensive. It includes basic re- 
search to generate new knowledge about the conditions and processes of learn- 
ing and about the processes of instruction, and the subsequent development of 
research-based instructional materials, many of which are designed for use by 
teacners and others for use by students. These materials are tested and refined 
in school settings. Throughout these operations behavioral scientists, curricu- 
lum experts, academic scholars, and school people interact, insuring that the 
results of Center activities are based soundly on knowledge of subject matter 
and cognitive learning and that they are applied to the improvement of educa- 
tional practice. 

This Technical Report is from the Project on Variables and Processes in 
Cognitive Learning in Program 1, Conditions and Processes of Learning. 

General objectives of the Program are to generate knowledge and develop 
general taxonomies, models, or theories of cognitive learning, and to utilize 
the knowledge in the development of curriculum materials and procedures . 
Contributing to these Program objectives, this project has these objectives: 
to ascertain the important variables in cognitive learning and to apply rele- 
vant knowledge to the development of instructional materials and to the pro- 
gramming of instruction for individual students; to clarify the basic processes 
and abilities involved in concept learning; and to develop a system of indi- 
vidually guided motivation for use in the elementary school. 



Contents 



Page 



List of Tables vii 

Abstract ix 

I . Introduction 1 

II. Method 3 

Subjects 3 

Materials and Apparatus 3 

Procedure 3 

III. Results 5 

IV. Discussion 7 

References 9 



O 

ERIC 

A 



Table 

1 



List of Tables 



Mean RT in Msec, (and Total Errors) for Aligned and 
Mirror-Image Stimulus Pairs in the Horizontal and 
Vertical Plane 



Page 



5 



Abstract 



Several studies have indicated that children have difficulty differen- 
tiating mirror-image stimuli. In the present study adults were required to 
classify pairs of horseshoe stimuli as same or different. Response times 
were compared for stimulus pairs that varied in orientation (left -right vs. 
up-down) and spatial plane of the pair (horizontal vs. vertical). Stimulus 
pairs ir which the orientation matched the spatial plane of the pair (i.e., 
horizontal and left-right or vertical and up-down) took longer to classify 
than stimulus pairs in which these two variables were crossed. These 
results are interpreted as reflecting the necessity of synthesizing two 
sources of information in order to compare the former pair types — tempor- 
ally encoded visual information and directional information from the motor 
scanning process. Implications for the source of children's difficulty 
with mirror-image stimuli of this type are discussed. 



I 

Introduction 



The discrimination of mirror-image stimuli 
is known to be uniquely difficult for children 
(Huttenlocher, 1967a, 1967b; Rudel ot Teuber, 
1963; Sekuler & Rosenblith, 1964), as well as 
many species of lower animals (Sutherland, 
1957; Mackintosh & Sutherland, 1963; Riopelle, 
Itoigawa, Rahm, & Draper, 1964). Using 
three-sided horseshoe-shaped stimuli in a 
horizontal plane, Rudel and Teuber (1963) 
found that children confused left -right oriented 
horseshoes (i.e.^_ 3), but not up-down 
oriented ones (i.e.J iu>. While these find- 
ings led investigators to believe that the phe- 
nomenon of mirror-image confusability was 
specific to left -right oriented stimuli, subse- 
quent research demonstrated that the relative 
position of the pair of mirror-image stimuli 
is important in determining their discriminabU- 
ity. When the stimuli were in the horizontal 
plane, left -right oriented horseshoes were 
confused more often than up-down pairs, as 
previous studies had shown. However, when 
the jiairs were in the vertical plane (i.e., LJ 
or *3 ) the reverse was true — confusability 
was greater for up-down than left -right oriented 
stimuli (Huttenlocher, 1967a, 1967b; Sekuler 
& Rosenblith, 1964). 

Huttenlocher (1967b) suggested that the 
important factor in mirror-image confusability 
is the orientation of the stimulus pair in rela- 
tion to their axis of separation. In her study 
nursery school children were required to match 
the orientation of a standard horseshoe. Each 
child's horseshoe was to be placed either be- 
side or below the standard. She found that 
children made errors in their placement only 
when rotation of a covertly placed test horse- 
shoe around the axis separating the pair would 
change its orientation relative to the standard. 
In other words, errors were made on this typ e 
of configuration, Qj x , but not on this, f|Sx , 
where "x" denotes the position of the test 
horseshoe and the dotted line represents the 



axis of separation of the pair. She called the 
former pair-type "mirror-image," and the lat- 
ter pair-type "aligned." Her data also indi- 
cate that more errors were made on left-right 
than up-down oriented stimuli, and among 
mirror-image stimuli, there were more errors 
on pairs in the horizontal plane than in the 
vertical plane. 

While the existence of mirror-image con- 
fusability in children and animals is unques- 
tioned, there is little agreement about a suit- 
able explanation for the phenomenon. Caldwell 
and Hall (1969, 1970) have recently claimed 
that the child's difficulty with mirror-image 
stimulus pairs in a matching-to-sample task 
results from the child's inadequate definition 
of the concepts "same" and "different" as 
applied to mirror images. Since prereading 
children have always regarded mirror images 
of an object as ♦'he same object, this habit 
is carried over to the judgment of mirror-image 
letter pairs. These authors demonstrated 
significant improvement in discrimination of 
these pairs after a training task which they 
felt defined mirror-image stimuli as different. 
Gibson, Gibson, Pick, and Osser (1962) offer 
a similar explanation for the tendency of 
children in their study to confuse mirror-image 
letter-like pairs . 

Corballis and Beale (1970), on the other 
hand, have proposed that mirror-image con- 
fusion arises from the bilaterally symmetrical 
organization of the organism's nervous system. 
They demonstrate that a perfectly bilaterally 
symmetrical system would be unable to distin- 
guish left from right, and hypothesize that 
left -right confusability disappears in the 
child when handedness or consistent left- 
right scanning habits, made possible by the 
developing asymmetry of the brain, become 
established . 

While Caldwell and Hall’s (1969) explana- 
tion has the advantage of simplicity, it violates 
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the fact that adults are known to confuse mir- 
ror-image stimuli, as, for example, in writing 
d for b or d for g, and direction, as in the 
case of a driver who signals a left turn and 
then turns right. There is, however, almost 
no empirical evidence concerning the discrim- 
ination of mirror-image stimuli for adults. 

The present study examined the relative 
difficulty of mirror-image and aligned-stimulus 
pairs, using adult Ss but following as closely 
as possible the stimulus material and proce- 
dures used by Huttenlocher (1967b) with chil- 
dren. Time to respond "same" or "different" 
to a pair of horseshoe stimuli was used as a 
measure of difficulty since performance by 
adults in Huttenlocher' s task presumably 
would be error free. Applying Huttenlocher' s 
terminology, a mirror-image pair is one for 
which the rotation of one of the horseshoes 
around the axis of separation of the pair 
changes the identity status of the pair from 



either same to different (i.e. , cc ) or dif- 
ferent to same (i.e., CD ) . An aligned pair 
is one for which this rotation does not change 
the identity status of the pair (i.e., uu or 

un. 

If, as Caldwell and Hall (1969) propose, 
children's mirror-image confusions simply 
reflect a definitional problem arising from the 
tendency of the child to call different orienta- 
tions of a figure the same figure, then adults 
who thoroughly understand the requirements 
of the task should compare mirror-image 
stimulus pairs as quickly as aligned pairs. 

If the bilateral symmetry explanation of 
Corballis and Beale (1970) is a sufficient 
explanation of the phenomenon, any superi- 
ority of aligned over mirror-image pairs should 
be restricted to pairs located in the horizontal 
plane, since the human organism does not 
possess symmetry around the horizontal median 
plane. 



n 

Method 



Subjects 

Twenty-four undergraduates with normal 
or corrected-to-normal vision served indivi- 
dually as subjects. 

Materials and Apparatus 

Stimuli were 16 pairs of horseshoe -shaped 
figures . The hori?Qntal_sei > consisted of the 
following pairs: CJ.-JL ,DU.LL . 

□D .uu.nn, and un. 

Pairs one, two, six, and seven are mirror- 
image pairs. The remaining pairs are aligned. 
The vertical set consisted of 90° rotations of 
each of these pairs. The horseshoe pairs were 
drawn with black India ink and the final stim- 
uli were duplicated from these drawings by 
photo offset onto heavy white stock. Each of 
the three sides of the horseshoes was 3.2 cm. 
long (subtending 4.2° of visual angle) and 
1.2 mm, wide (.30° of visual angle). The two 
horseshoes making up a stimulus pair were 
separated by 1.3 cm. (1.7° of visual angle). 

Stimuli were presented in a Polymetric 
2-channel tachistoscope (Model V-0959) with 
a blank fixation field. The tachistoscope was 
wired with a Hunter "Klockcounter" and a re- 
sponse panel containing two buttons, one for 
a "same" response and the other for a "differ- 
ent" response. Exposure of a stimulus started 
the clock, and depression of one of the re- 
sponse buttons stopped the clock and turned 



off the stimulus . 



Procedure 

Before responding in the reaction time 
(RT) task, S was shown each of the stimulus 
pairs and required to say whether their orienta- 
tion was the same or different. He was told 
that when a stimulus pair appeared in the 
tachistoscope he was to respond "same" or 
"different" by pressing the appropriate re- 
sponse button. Subjects were instructed to 
respond as quickly as possible but to avoid 
making errors. 

Each session was divided into two parts, 
separated by a 5-min. rest period, with the 
horizontal pairs presented in one part and the 
vertical pairs in the other. Subjects responded 
to 11 replications of each series of 8 stimuli. 
The first presentation of each stimulus served 
as a practice or warm-up trial and was not in- 
cluded in the analysis . Each replication was 
presented in a different random order. Presen- 
tation of each stimulus was preceded approx- 
imately 1 sec. by a "ready" signal. Half the 
Sz received the horizontal pairs in the first 
part, while the remaining half received the 
vertical pairs . For half of each order group 
the "same" response was made with the pre- 
ferred hand, while the remaining half used the 
nonpreferred hand. The correctness and laten- 
cy of each response were recorded. 
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Results 



Mean RTs for the various pair types are 
shown in Table 1 . Aligned stimulus pairs were 
responded to 57 msec, faster than mirror-image 
pairs: F (1, 20) = 49.23, £ < .001. This differ- 
ence is less pronounced for same pairs (39 
msec.) than for different pairs (75 msec.): 

F (l , 20) = 15.21, £ < . 001 , but is highly sig- 
nificant for both (F = 29.39 and 43.68, respec- 
tively, £ < .001) . 

For stimuli in the horizontal plane, aligned 
pairs were responded to 51 msec, faster than 
mirror-image pairs. For vertically aligned 
pairs this difference was 6 2 msec. Separate 
analyses showed each of these differences to 
be highly significant: _t (23) = 5.45 and 5.27, 
respectively, £< .001. The difference be- 
tween these two values, which is equivalent 
in this stimulus set to the difference between 
up-down and left -right orientation, does not 



approach significance (F < l). 1 While there 
was no difference in RT to up-down and left- 
right orientation, up-down stimuli were re- 
sponded to slightly faster than left-right stim- 
uli when the stimuli %vere the same. For dif- 
ferent pairs, the reverse was true. This inter- 
action is significant: F(l,20) =7.21, £< .01. 



^Within the constraints of this stimulus 
set, the alignment factor (mirror-image vs. 
aligned) is actually the interaction of relative 
placement of the pair (horizontal vs . vertical) 
and orientation of the stimuli (up-down vs. 
left-right). Its "main effect" status is thus 
theoretical and not statistical. 



Table 1. Mean RT in Msec, (and Total Errors) for Aligned and 
Mirror- Image Stimulus Pairs in the Horizontal and Vertical Plane 



Aligned Mirror-Image 





Same 


554 (18) 


598 (22) 


Horizontal 


Different 


573 (16) 


631 (22) 




Mean 


564 (17) 


615 (22) 




Same 


583 (14) 


615 (15) 


Vertical 


Different 


577 (16) 


668 (19) 




Mean 


580 (15) 


642 (17) 
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Responses to some pairs were 25 msec, 
‘dsfer than thos' r, driferent pairs: £ (1, 20) = 
17.35, £< . O' t. v.itnough this effect must 
be evaluated w.itn ;he significant interaction 
between response and pair type reported above. 
For mirror-image pairs, same responses were 
made 42 msec, faster than different responses. 
For aligned pairs, this difference was only 7 
msec. 

A significant interaction between the 



plane of the stimulus pair and the order of 
presentation of the two planes was found: 

£ (1 , 20) = 27.14, £ < . 001 , reflecting the 
fact that RT decreased from the first to the 
second half of the session. 

While the error rate was only 3.7%, and 
the differences among conditions small, more 
errors were made on mirror-image than on 
aligned pairs and more on horizontal than on 
vertical pairs (see Table 1). 



IV 

Discussion 



The results of this study demonstrate 
conclusively that adults have difficulty com- 
paring mirror-image stimulus pairs when "mir- 
ror-image" is defined in terms of the axis of 
separation of the pair. Furthermore this dif- 
ficulty is found equally for pairs in the verti- 
cal and horizontal planes. 

One study with adult Ss using a same- 
different RT task and stimuli of this type has 
been reported by Sekuler and Houlihan (1968) . 
Translating their results into the language of 
this paper, the differences between mirror- 
image and aligned stimuli were significant 
for horizontal but not for vertical pairs. 

These results must be interpreted with caution, 
however, since these differences were numer- 
ically almost identical, 42 and 38 msec, for 
horizontal and vertical pairs, respectively. 
Their failure to find significant differences 
between mirror-image and aligned pairs in the 
vertical plane is probably due to several fac- 
tors contributing to instability in their data. 

Ss were uncertain as to the plane in which 
the pairs would appear since presentation of 
horizontal and vertical pairs was intermixed. 

In addition, Sjs responded by moving a toggle 
switch to the right or left. A directional re- 
sponse of this type may be incompatible with 
a task requiring comparison of stimulus direc- 
tionality. These factors, as well as their 
use of median values of only six responses 
to each stimulus, may explain the fact that 
their median R^s were almost 200 msec, longer 
than the mean RTs found in the present study. 

fact that adull response times are 
io jer for mirror-image stimuli argues against 
tha claim by Caldwell and Hall (1969, 1970) 
that children's errors are caused merely by 
their misunderstanding of the definition of 
identity applied to mirror-image pairs . In 
the present study Ss clearly understood the 
relevant distinction to be made before starting 



in the RT task. Also, since mirror-image 
difficulty was no greater for horizontal than 
for vertical pairs, and RT was the same for 
up-down and left -right stimuli, the bilaterally 
symmetrical nervous system of human adults 
cannot explain their performance on this task. 

A plausible explanation of these findings, 
based on a suggestion by Deutsch (1955), de- 
pends on the fact that for mirror-image pairs 
the orientation of the individual stimuli (right- 
left or up-down) always matches the plane of 
the pair (horizontal or vertical). For aligned 
pairs the opposite is true — up-down stimuli 
are in the horizontal plane, while left-right 
stimuli are in the vertical plane. If it is 
assumed that the subject either explicitly 
or implicitly scans the pair of stimuli, either 
from the center outward in each direction or 
starting at one end of the array, then in order 
for S to determine the orientation of a mirror- 
image stimulus he must integrate temporally- 
organized sensory information with motor in- 
formation about the direction of his scan. 

This point is most clearly seen in the example 
of a pair of horizontal mirror-image horseshoes, 
C x ZD , with “x" representing the subject's 
initial point of fixation. A scan to either the 
left or the right would result in exactly the 
same pattern of stimulation over time. This 
temporal equivalence is suggested by Deutsch 
(1955) as a possible explanation for the con- 
fusability of mirror-image stimulus pairs. In 
order for the two horseshoes to be distinguished 
spatially, additional information, provided by 
the !§.' s knowledge of his direction of scan, 
would have to be integrated with this temporal- 
ly-organized stimulation. This analysis ap- 
plies in the same way to mirror-image pairs in 
the vertical plane. For aligned pairs, however, 
no integration of motor scan knowledge is neces- 
sary since the directionality of these stimuli 
remains the same regardless of direction of 



scan. 2 If it is assumed that this integration 
of information from more than one source re- 
quires time, comparison of both horizontal 
ind vertical mirror-image pairs should take 
longer than comparison of aligned pairs as 
found in the present study. 

The difficulty young children have with 
mirror-image stimuli may be due in part to 
the requirement of integrating these sources 
of information. In addition, the fact that 
Kindergarten children have unusual difficulty 



2 The integration of visual with motor scan 
information has also been used by Ghent 
(1961) to explain children's choices of "right 
side up" and "upside down" stimuli, and by 
von Holst (1954) to account for the fact that 
the environment remains stationary during a 
voluntary eye movement. 



with horizontal compared with vertical mirror- 
image pairs and with left -right stimuli com- 
pared with up-down stimuli (Huttenlocher, 
1967b) suggests that at this age they cannot 
derive the necessary directional information 
from their movements in the horizontal plane. 
This lack of left-right response differentiation 
may well be, as Corballis and Beale (1970) 
have suggested, a function of the bilaterally 
symmetrical organization of the child's ner- 
vous system. 

Gesell and Ames (1947) report that handed- 
ness does not become definitely established ir 
the child until the age of five. The success 
of Caldwell and Hall's (1969) training proce- 
dures in decreasing confusion between mirror- 
image letter pairs possibly is explained by 
the fact that their kindergarten Ss have just 
reached the age where directional differences, 
especially left -right discriminations , can be 
successfully processed when a training task 
relevant to these differences is used. 
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